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(54) Flexible medullary reaming system 

(57) The invention provides an apparatus (10) for 
reaming a medullary canal in a bone, comprising: a flex- 
ible shaft (12) having a solid portion (16) at its proximal 
end for engagement with a rotary power transmission 
source and a head (14) at its distal end comprising a 
first reaming element (18) and being coupled at its prox- 
imal end to a second end of said flexible shaft (12) for 
rotation therewith; a second reaming element (22) hav- 
ing a bore (24) therethrough, for slidably receiving said 
flexible shaft (12), and a first end (28) which, when slid 
onto said flexible shaft (12), is adjacent said head (14); 
a third reaming means (34), for reaming the proximal 
portion (50) of a bone, said third reamer having a cavity 
(36) at its first end for engaging a second end (26) of 
said second reamer; means (21, 23, 30 and 32) for 
interconnecting the first (14) and, second (22) reaming 
elements and, in some embodiments, means (30, 32, 
38, and 40) for interconnecting the second and third 
means. 

The invention further provides a template for guid- 
ing the reaming apparatus in forming the calcar region 
of the canal. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a technique and instru- 
ments for performing orthopedic surgeries such as total 
hip arthroplasty. This technique allows a long bone, 
such as a femur, to be prepared to receive a prosthesis, 
such as a total hip replacement, by reaming a lateral 
bore, in the bone, until the isthmus using a series of 
reamers on a flexible shaft and then reaming the calcar 
region of the bone. The invention specifically relates to 
a combination of specially shaped reamers that match 
the prosthesis shape and a flexible shaft that provides 
control, and allows the reamers to be angled in a con- 
trolled manner to shape the bone canal to fit the pros- 
thesis line-to-line. 

Description of the Prior Art 

Surgeons strive for accurate, replicable surgical 
techniques so that precise fits can be obtained between 
the prosthesis and bone. It is believed that in a non- 
cemented application a precise fit enhances prosthesis 
life. This increased contact area between bone and 
prosthesis has been shown to improve long-term fixa- 
tion. Accurate bone preparation for cemented prosthe- 
ses will also provide improved long-term fixation due to 
precise and optimal cement mantle thickness between 
bone and the prosthesis. 

There has been a growing movement in the ortho- 
pedics community to move away from bone preparation 
that involves introducing large impact forces from ham- 
mer blows. Current surgical bone preparation technique 
involves shaping the bone by introducing a broach or 
rasp type device with a hammer. This can result in large 
dynamic stresses within the bone, which has been 
known to crack or deform the bone in some cases. Even 
with this drawback, broaching is widely used because it 
allows for very irregular, non-symmetric shapes for non- 
symmetric prostheses to be formed in bone. The broach 
is shaped exactly like the prosthesis with an appropriate 
gap or undersize condition for interference fit accounted 
for and impacted into a bone cavity that has been ini- 
tially opened with straight or tapered reamers. 

The traditional or current approach to forming the 
bone envelope for total joint replacement is generally 
termed a three step process, excluding the osteotomy, 
with multiple iterations per step. First, a series of distal 
reamers are passed into the isthmus, sizing up on each 
pass until cortical contact is felt. Next, a series of 
tapered mid-shaft or conical reamers are introduced in 
incremental sizes to shape the mid-shaft portion of the 
bone and to remove proximal lateral bone and to notch 
the greater trochanter to ensure neutral alignment. 
Lastly, a series of incrementally sized broaches are 



impacted into the bone to remove proximal medal bone 
and to clean up any remaining bone from the lateral and 
distal areas. Leaving so much bone behind for the 
broaches to remove results in much hammering and 

5 impact stresses in the bone. So much so, that some sur- 
geons have been known to do a prophylactic cerclage of 
the proximal bone with either wire or a clamp to prevent 
cracking while impacting the broach. The instruments 
required for this technique include two or three distal 

w reamers, two tapered mid-shaft reamers, two broaches 
- broach handles/impactor extractors and hammers and 
an optional prophylactic cerclage device. 

Commercially available jigs for off-axis reaming are 
not able to ream curves, rather than angles, around cor- 

15 ners nor are they able to control the sizing and align- 
ment of the medullary canal. 

Summary of the Invention 

20 The technique and instruments of the present 
invention offer the advantage that the bone cavity can 
be formed completely by reaming. No impact forces are 
introduced to the femur by broaching or rasping. The 
number and types of instruments has been reduced and 

25 the number of steps to prepare the femur are also 
reduced. The technique of the present invention with 
new instruments reduces femoral preparation to a two 
step process. Instruments that are eliminated from the 
traditional technique include broaches, broach han- 

30 dles/impactors/extractors, hammers and the need for 
prophylactic cerclage. The new technique involves 
dividing the femoral canal into three areas (one - dis- 
tal/isthmus, two - mid-shaft/proximal lateral, three - 
proximal medial). Each section is prepared with its own 

35 specially shaped reamer. The shaping sequence first 
includes distal reaming to cortical contact, which is sim- 
ilar to the traditional procedure. Next, reaming the mid- 
shaft and proximal lateral and notching the greater tro- 
chanter over a flexible shaft attached to distal spacer. 

40 This will also seat the spacer and flexible shaft. The 
medal reamer, which is tapered to fit the medal flare of 
the prosthesis exactly, is moved at an angle by flexing 
the shaft via a ball and socket on the flexible shaft. The 
flexible shaft provides the necessary control to ream 

45 while articulating the medal reamer through a 15° arc. 

The flexible shaft can either be metal wound or pol- 
ymeric and provides the unique combination of versatil- 
ity for condensing steps and control to ream at multiple 
angles depending on prosthesis size and/or the section 

so being reamed in each individual bone. The surgeon 
controls the amount of flex induced in the centralized 
shaft and, consequently, how much bone he removes 
with each flex or pass. All bone is also cleared from the 
inside along the neutral axis thereby allowing for all the 

55 subtle curves of the bone canal to be shaped without 
scalloping or flattening them by passing straight or 
tapered reamers from the outside through a fixed jig. All 
hip prostheses are curved, especially medially. Thus, 
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the technique of the present invention preserves and 
enhances the curves of the medullary canal to accom- 
modate the hip prosthesis. 

However, it has been further found that advantages 
may be obtained by using a reaming apparatus, as 
described above, in conjunction with a metaphyseal 
template which may be considered a "hollow" version of 
the prosthesis. At a position spaced from the proximal 
and distal ends thereof, the template is shaped the 
same as a strip from the prosthesis' proximal edge. The 
distal section of the template, depending on the type of 
reaming apparatus used, may be terminated at the end 
of the calcar region of the bone or may be a cannulated 
cylinder corresponding to the distal portion of the lateral 
bore 52 that is machined to the same distal diameter as 
the implant. The rest of the template is hollow allowing it 
to be seated within the lateral bore. The flexible meta- 
physeal reamer is then introduced into the template 
(hollow sections) and manipulated around the proximal 
(implant shaped) template. The flexible action of the 
reamer allows the remaining bone to be shaped to 
match the curves of the prosthesis (medially & anteri- 
orly-posteriorly). 

The combined use of the metaphyseal template 
and metaphyseal flexible reamer allows for the femoral 
canal to be formed primarily by reaming. Large, 
dynamic, impact forces delivered to the bone during 
conventional broaching are effectively reduced or elimi- 
nated. Minimal impact intramedullary canal preparation 
(reaming) reduces the possibility of cracks and defor- 
mation. 

The metaphyseal template also provides the added 
capability of serving as a sizing device. Intraoperatively, 
after the distal canal is sized and/or reamed to cortical, 
the template is introduced axially into the lateral bore of 
the bone (see Figure 7) and the outline of the prosthesis 
(proximally), after setting the anteversion, is seated into 
the osteotomy cut. This allows you to check proximal fit 
medially & anterior-posterior prior to final canal prepara- 
tion. This added information, allows for final proximal fit 
to be judged without introducing progressively larger 
broaches/rasps until the proper size (tight fit) is 
achieved. Use of brooches or rasps, for sizing, requires 
extensive experience and judgment in cementless 
implants. There is a fine line between tight proximal fit 
and exceeding the ultimate strength of the bone when it 
is subjected to a wedge-like hoop-stress (resulting in 
cracks). 

Another added benefit of the metaphyseal template 
is its ability to be used as an alignment guide. The long, 
axial shape of the template allows for the most proximal 
section to be used as a sight to indicate neutral position 
in the medial-lateral plane. This is possible due to the 
distal cylinder matching the diameter of the last reamer 
passed in the isthmus. This line-to-line distal fit assures 
that the template will seat itself in the same manner as 
the implant. The template may also be used to set the 
proper amount of anteversion as well. The axis may be 



rotated to move the proximal outline of the implant into 
the proper version. When this is set, the outline can be 
fixed in the proper position by tapping it into the proximal 
osteotomy. 

5 The combination of the metaphyseal template and 

the metaphyseal flexible reamer provides a safe non- 
impact based method of bone canal preparation. Ream- 
ing asymmetric off-axis curved shapes in a controlled 
manner is now possible. This technique also ensures 

10 exact match between proximal and distal machining 
(even though they are performed independently). 

The curvature of the medullary canal, as formed 
according to the invention, rather than the angles 
formed according to the prior art, allows the implant 

15 shape to more closely match the curvature of the anat- 
omy. 

Other advantages of the reamer-template combina- 
tion include requiring only a reamer of one size for an 
entire range of implant sizes; cutting texture on proxi- 
mo mal/lateral side of template to enhance bone removal in 
that zone and provides the ability to get better (more 
stable) fixation when seated. The tapered bushing on 
the proximal flexible reamer allows the reamer to ride 
more smoothly on the template. The bushing is also a 
25 safety device in that the reamer moves more laterally as 
the depth of the medullary canal increases and, does 
not violate (impinge) the medial profile. The short 
reamer section is also designed for safety as it tends to 
segment the medal curved profile rather than reaming 
30 flat spots. 

Thus, it is an object of the invention to provide a set 
of surgical instruments which allows for the preparation 
of a bone canal utilizing reaming steps only. 

It is a further object of the invention to provide a set 
35 of instruments for preparation of a bone canal which 
allows for the precise preparation of the canal so that a 
prosthesis corresponding in size and shape to the 
reamers may be implanted therein. 

It is yet another object of the invention to provide a 
40 method for preparing a bone canal which is quicker to 
perform by the surgeon and which imports less stress to 
the bone. 

These and related objects are achieved in the 
present invention by an apparatus for reaming a bone 
45 canal which includes means for forming a lateral bore in, 
and removing the bone material from the calcar region 
of, a bone. 

In a first embodiment the apparatus comprises a 
flexible shaft having a first end, for engagement with a 

so rotary power transmission source, a second end fixedly 
coupled to a first reaming element for rotation therewith 
and a second reaming element having a bore there- 
through, for slidably receiving the flexible shaft, and a 
distal end which, when slid onto the flexible shaft is 

55 adjacent the first reaming element. 

In one aspect of the above embodiment, the appa- 
ratus comprises a third reaming element having a bore 
therethrough for slidably receiving the flexible shaft 
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which also has an end for engaging a second end of the 
second reaming element. A ball and socket arrange- 
ment is formed on the respective first end of the third 
reamer and the second end of the second reamer to 
permit universal movement of the second and third 
reamers. The second and third reamers include cou- 
pling elements so that they may be driven either directly 
or indirectly by the rotary power transmission source. 
The cutting surface of the third reaming element may be 
cylindrical or concave. 

Preferably, the second reamer has a generally con- 
ical shape tapering radially inwardly from the second 
end thereof to its first end. The third reamer has a con- 
cave cutting surface for cutting a convex shape in the 
bone surrounding the canal. This is accomplished by 
flexing the flexible shaft with the third reamer in place, 
and rotating. For accurately locating the first and sec- 
ond reamers, the flexible shaft may have a stop element 
attached thereto or formed as part of the first reamer, 
which may be fixed to the shaft to contact and locate the 
first end of the second reamer with respect to the axial 
length of the shaft. 

The reamers are so designed that at the junction of 
at least two of the reamers, a ball and socket type joint 
is provided to permit universal movement between the 
two reamers so that when the shaft is flexed from the 
proximal end thereof, the proximal third reamer may be 
displaced from the longitudinal axis of the bone to 
thereby cut the convex shape in, for example, the calcar 
area of a femur. If such a convex shape is not desired, 
the third reamer could, of course, have a cylindrical 
shape. Either helical or straight grooves may be formed 
on the reamers of the present invention and rake angles 
produce smooth cutting of cortical bone may be pro- 
vided, which rake angles are usually positive and gener- 
ally about 7°. 

These and other objects and advantages of the 
present invention will become apparent from the follow- 
ing description of the accompanying drawings, which 
disclose several embodiments of the invention. It is to 
be understood that the drawings are to be used for the 
purposes of illustration only, and not as a definition of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, wherein similar reference charac- 
ters denote similar elements throughout the several 
views: 

FIG. 1 is an exploded view of the reaming appara- 
tus of the present invention, including three ream- 
ers. 

FIG. 2 is an exploded view similar to FIG. 1 with the 
exception that the third reamer has a concave 
shape and may be independently driven by a power 
source. 

FIG. 3 is an elevation view, partially in cross-sec- 



tion, of a modification of the reaming apparatus of 
FIG. 1 situated inside a long bone. 
FIG. 4 is an elevation view, partially in cross-sec- 
tion, similar to FIGS. 2 and 3, wherein a third 
5 reamer having a concave shape has been placed 

on the second reamer for rotation thereon, as 
shown in phantom. 

FIG. 5 is an elevational view of a second embodi- 
ment of the flexible reaming apparatus of the 

10 present invention. 

FIG. 6A is an elevational view, in cross-section, of a 
first embodiment of a metaphyseal template for use 
with the reaming apparatus of FIGS. 1 -4. 
FIG. 6B is a plan view, in cross section, of the elon- 

15 gated member of the metaphyseal template along 
line A-A of FIG. 6A. 

FIG. 7 is on elevational view, in cross-section, of the 
metaphyseal template of FIGS. 6A and 6B in use 
with the reaming apparatus of FIG. 4. 
20 FIG. 8 is an elevational view, in cross-section, of a 
modification of the reaming apparatus of FIG. 5. 
FIG. 9A is an elevational view, in cross-section, of a 
second embodiment of the metaphyseal template 
for use with the reaming apparatus of FIGS. 5 and 

25 8. 

FIG. 9B is a plan view, in section of the elongated 
member of the metaphyseal template along line B- 
B of FIG. 9A. 

FIG. 10 is an elevational view, in cross-section, of 
30 the metaphyseal template of FIGS. 9A and 9B 
inserted into the lateral lateral bore of a long bone. 
FIG. 11 is an elevational view, in cross-section, of a 
modification of FIG. 10 wherein the reaming appa- 
ratus has been inserted into the metaphyseal tem- 
35 plate after removal of proximal portion of the calcar 
region. 

FIG. 12 is an elevational view, in cross-section, sim- 
ilar to FIG. 11 showing the reaming apparatus at a 
later stage. 

40 FIG. 13 is a plan view of the hollow member of the 
metaphyseal templates of FIGS. 6A, 6B, 9A and 9B 
showing one mode of reamer movement within the 
template. 

FIG. 14 is a plan view of the hollow member of the 
45 metaphyseal templates of FIGS. 6A, 6B, 9A and 9B 
showing a second mode of reamer movement 
within the template. 

DESCRIPTION OF THE PREFERRED EMBODI- 
50 MENTS 

Referring to FIGS. 1 through 4, there is shown a 
first embodiment of a reaming apparatus of the present 
invention generally denoted as 10. The reaming appara- 
55 tus includes a flexible reamer shaft 12 which may be 
either spiral wound metallic material or a composite 
material. A suitable composite shaft is disclosed in U.S. 
Patent 4,751,992, which issued on June 21, 1988. 
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Another suitable flexible shaft is described in U.S. Pat- 
ent 3,554,192, which issued on January 12, 1971. Spi- 
ral wound flexible shafts are well known in the art. 

Flexible reamer shaft 12 includes a first reamer 14 
fixedly attached to the distal and thereof for rotation s 
therewith and a rigid proximal end 16 for connection to 
a rotatory driving source (not shown). Reamer 14 has a 
distal cutting head 18 of any well known design and a 
stop flange 20. Stop flange 20 is provided with a pair of 
pins 21 and 23 extending generally parallel to shaft 12. 

A reamer 22 having a bore 24 and sized to slide 
over shaft 12 into position as shown in FIGS. 3 and 4. 
As shown in FIGS. 1 and 2 reamer 22 tapers from a first 
end 26 thereof to its tip 28. A first pair of holes 30 and 
32 is formed in a hemispherical surface 29 located at 
first end 26 and a second pair of holes 30 and 32 is 
located at tip 28. The function of these holes will be 
described hereinafter. 

A third reamer 34 includes a hemispherical cavity 
forming a socket 36 at its distal end for receiving the 
hemispherical surface 29 of reamer 22. The distal end 
of reamer 34 further comprises a pair of pins 38 and 40 
which extends distally for insertion into proximal holes 
30 and 32, respectively, of reamer 22. Pins 38 and 40 
serve to transfer rotary motion from reamer 22 to 
reamer 34. Reamer 34 includes a hemispherical sur- 
face 42 so that, if necessary, an additional reamer hav- 
ing a socket similar to 36 may be placed thereon. 

Referring to FIG. 2 there is shown an exploded view 
of the reaming system of FIG. 1, wherein third reamer 
34, which has a cylindrical shape, has been replaced by 
a reamer 44 having a concave cutting surface 46. 
Reamer 44 includes a hollow cavity 49 for receiving the 
proximal end of flexible shaft 1 2 so that reamer 44 may 
be independently driven via drive connection 48. Thus, 
reamer 44 may be rotated, on surface 29 of reamer 22 
by coupling a power source to end 48 while shaft 12 
remains non-rotating. 

FIGS. 3 and 4 show learning system 10 inserted in 
a long bone 50 such as a femur. FIG. 3 shows reamer 
34 positioned proximally of reamer 22. Flange 20 acts to 
locate reamers 34 and 22 with respect to reamer 1 8. 
After the lateral bore 52 is formed by reaming with the 
system 10 of FIG. 1 , reamer 34 is removed and reamer 
44 placed over the flexible shaft so that it may be inde- 
pendently driven and flexed along with the shaft into the 
position shown in phantom and labeled 54 in FIG. 4. 
This allows reaming an arc in the calcar area 62 of the 
resected long bone 50. 

The surgical procedure of the present invention 
includes initially reaming the lateral bone canal 52 with 
reamer 18. A guide wire 59, as shown in FIG. 3, may be 
used to initially locate and guide reamer 18 and shaft 12 
within the canal. The use of a guide wire 59 requires 
that the shaft 12 and reamer 18 be cannulated in a well 
known manner. The bone is prepared for reaming by 
penetrating the superior cortex at the trochanteric fossa 
by known means such as a starter drill or box chisel. If 



a guide wire 59, as shown in FIG. 3, is used a bore to 
receive same is also formed in the lateral portion of the 
bone, until the isthmus, by known means. The guide 
wire may be positioned in long bone 50 prior to insertion 
of the shaft 1 2 and reamer 1 8 to form canal 52. Reamer 
22 is then slid over the flexible shaft 1 2 as shown in FIG. 
3. Reamer 22 shapes the distal area of the bone with a 
shape matching that of an implant or prosthesis which 
implant is to be permanently placed within the canal 52 
by a "press fit". Reamer 34 is then placed onto reamer 
22 to ream the proximal lateral portion of the bone canal 
again to a shape matching the proximal implant shape 
in the lateral area. Reamers 22 and 34 are driven via a 
drive coupling formed by holes 30 and 32 in reamer 22 
and pins 21-23, 38 and 40 on reamers 18 and 34 
respectively. After the lateral bone canal 52 has been 
formed reamer 34 is replaced by reamer 44. Flexible 
shaft 12 may then be flexed as shown in FIG. 4 to ream 
the calcar area 62 using reamer 44. This shape 
matches the concave shape of the typical prosthesis to 
be implanted (not shown). A trial prosthesis may be 
used to check the canal shape. 

Reamer 44 can be driven off of drive shaft 12, as 
reamers 22 and 34 were, but, in a preferred embodi- 
ment, reamer 44 is driven independently of shaft 12 and 
is, therefore, provided with a solid shaft 48 at its second 
end the shaft 48 comprising a connect 48a, at its proxi- 
mal end, for connection to a rotary power transmission 
source. Cavity 49 is provided in reamer 44 so that the 
second end of shaft 12, including solid portion 16, may 
be received and located therein to permit reamer 44 to 
rotate about shaft 12 when being independently driven 
by means of connector 48, at its second end, which is 
connected to a rotary power transmission source (not 
shown) through connector 48a. 

After reamer 44 has shaped the calcar region 62 of 
the bone, shaft 12, along with reamers 18, 22 and 44, is 
removed from the now fully prepared lateral bore 52. 
The implant may now be press fit into the correctly 
shaped canal. 

A second embodiment of the reaming system of the 
present invention, generally denoted as 60, is shown in 
FIG. 5. In this embodiment a flexible shaft 62 has a first 
head 61 fixedly attached to its first end and a reamer 63 
fixedly attached to its second end. The second end of 
reamer 63 is attached to the first end of a solid shaft 66 
having a connector 65 at its second end for connection 
to a rotary powder transmission source (not shown). 
Reamer 63 has a concave cutting surface 64 similar to 
surface 46 of reamer 44. When used to ream the calcar 
region 62 of the bone connector 65 would be so situated 
that the concave cutting surface 64 will be adjacent to 
the proximal portion of the calcar area of the bone. 

Head 61, comprising a smooth outer surface, 
serves to locate and centralize reamer system 60 and 
act as a bearing to reduce the torque required to drive 
reamer 63 when forming the calcar region. In addition, 
while in the preferred embodiment head 61 and reamer 
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63 are fixed to shaft 62, reamer 63 could be made so 
that it could be easily removed. 

The use of the reamer system 60 allows for the 
preparation of the medullary canal in fewer steps and 
with more accuracy than with previous reaming sys- s 
terns. Head 61 is inserted into the distal canal to the 
point where concave surface 64 is at the proper location 
in the lateral bone. Reamer 63 is then moved towards 
the calcar region by flexing flexible shaft 62. The sur- 
geon continues moving reamer 63 into contact with w 
bone until a correct fit for the prosthesis is obtained. 

In a third embodiment of the invention, shown in 
FIGS. 6A through 7, there is provided a metaphyseal 
template 70, corresponding to a hollow version of the 
prosthesis, to guide the proximal reamer in shaping the is 
remaining bone to match the medial and anterior-poste- 
rior curves of the prosthesis, for use with the reamers 44 
or 63', shown in FIGS. 2 and 5, respectively, in forming 
the calcar region 62 of the femur. The metaphyseal tem- 
plate 70, as shown in FIGS. 6A and 6B, comprises an 20 
elongated member 76, comprising a partially circular 
cavity 77 the rear wall of which partially comprises cut- 
ting teeth 71, an elliptical hollow member 73, radiating 
medially from the side edges, and at an angle relative to 
the longitudinal axis, of the elongated member, the rear 25 
wall of which comprises a portion of the wall of the elon- 
gated member 76, two protrusions 78, extending distally 
from said ring at the rear ends thereof, terminating in 
knife edges 74; impact receiving means 72 extending 
laterally at the top edge of elongated member 76 and 30 
normal thereto and anteversion control means 75 
extending laterally from, and normally to the longitudinal 
axis of, the elongated member 76. 

The elongated member 76 comprises a half-cylin- 
der (open) whose radius of curvature corresponds to 35 
the radius of the lateral bore 52. The elliptical hollow 
member 73 is shaped as the most proximal edge of the 
prosthesis. The anterior portion of hollow member 73 
comprises a portion of elongated member 76 the angle 
between hollow member 73 and the elongated member 40 
76 corresponding to the angle between the proximal 
surface of the prosthesis and the longitudinal axis of the 
lateral bore 52. Two protrusions 78, to aid in seating the 
template in the bone, extend distally from the lower sur- 
faces of the posterior and anterior lateral portions of hoi- 45 
low member 73. The protrusions 78 terminate in knife 
edges 74. The impact receiving means 72 facilitates 
setting of the template in the osteotomy cut. 

In the practice of this embodiment of the invention 
the distal canal is reamed to cortical using the reaming 50 
system of the first embodiment except for the curved 
reamer 44 of Figure 2. The elongated member 76, of 
template 70, is introduced axially into the lateral bore 
52, anteversion is set by means of anteversion control 
75 and hollow member 73 is seated, by tapping on the 55 
impact receiving means 72, into the osteotomy cut. The 
alignment of the lateral bore 52 and osteotomy cut are 
checked and, if necessary, manipulated by setting the 



anteversion and rotating the axis to move the outline of 
the prosthesis into the proper version. A reamer 45, 
whose greatest outer diameter is loss than the inner 
diameter of the lateral medullary bore 52, but, in all 
other respects corresponding to reamer 44, is inserted 
into the lateral bore 52 through the opening in the hollow 
member 73. The calcar region 62 of the bone is then 
shaped by manipulating reamer 45 in a medal direction 
in the hollow portion of the ring 73, corresponding to the 
proximal surface of the implant, by a series of motions, 
posterior-anterior as shown in FIG. 13 or lateral-medial 
as shown in FIG 1 4. The template and reamers are then 
removed and the prosthesis set into the osteotomy. 

A fourth embodiment of the invention, shown in 
FIGS. 8-12, comprises a template 80 for use with a 
reamer apparatus such as those shown in FIGS. 5 and 
8. Template 80 shown in FIGS. 9A and 9B, comprises 
template 70, of the above embodiment further compris- 
ing a full, cannulated cylinder 81 at the distal end of 
elongated member 76. In this embodiment the reamer 
apparatus 90, shown in FIG. 8, comprises a smooth, 
distal head 91 fixedly attached to the first end of a flexi- 
ble shaft 92 and a concave reamer 93 fixedly attached 
to the second end of the shaft 92 and to the first end of 
a solid shaft 94 which has a connector 96, for connec- 
tion to a rotary power transmission source (not shown). 
The reamer apparatus 90 further comprises a fluted 
portion 95 disposed proximally from the reamer 93 
along rigid shaft 94. Fluted portion 95 provides means 
to guide the reamer apparatus within the hollow mem- 
ber 73 of template 80. 

In the practice of this embodiment of the invention 
the template 80 is set into the osteotomy by means of 
cutting teeth 71 on the rear surface of the elongated 
member 76, and knife edges 74 on the hollow member 
73. The smooth head 91, of reamer apparatus 90, is 
passed into cylinder 81 through the lateral bore 52. The 
calcar region 62 of the bone is then shaped by a flexing 
flexible shaft 92 and manipulating reamer portion 93 in 
a medal direction in the hollow portions of hollow mem- 
ber 73 (corresponding to the proximal surface of the 
implant) by a series of motions, such as those shown in 
FIG. 13 and 14. The template and reamers are then 
removed and the prosthesis set into the osteotomy. The 
alignment of the lateral bore 52 and osteotomy cut are 
checked and, if necessary, manipulated by setting the 
anteversion and rotating the axis to move the outline of 
the prosthesis into the proper version. 

While several examples of the present invention 
have been described, it is obvious that many changes 
and modifications may be made thereunto, without 
departing from the spirit and scope of the invention. 

Claims 

1 . An apparatus (1 0) for reaming a medullary canal in 
a bone comprising: 
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a flexible shaft (12) having a solid portion (16) 
at its proximal end for engagement with a 
rotary power transmission source; 
a head (14) at its distal end comprising a first 
reaming element (18) and at its proximal end s 
being coupled to a second end of said flexible 
shaft (12) for rotation therewith; 
a second reaming element (22) having a bore 
(24) therethrough, for slidably receiving said 
flexible shaft (12), and a first end (28) which, 10 
when slid onto said flexible shaft (12), is adja- 
cent said head (14); 

a third reaming means (34) or (44), for reaming 
the proximal portion (50) of a bone, said third 
reamer having a cavity (36) or (47), respec- is 
tively, at its first end for engaging a second end 
(26) of said second reamer; 
means (21, 23, 30 and 32) for interconnecting 
the first (14) and, second (22) reaming ele- 
ments and, when the third reaming means is 20 
reaming means (34), means (30, 32, 38 and 
40) for interconnecting the second and third 
means. 

2. The apparatus (10) of claim 1 wherein said 25 

third reaming means comprises reaming 
means (34) having a bore (43) therethrough for 
slidably receiving said flexible shaft (12), said 
third reamer (34) having a first end (41) com- 30 
prising a cavity (36) for engaging the second 
end (26) of said second reamer (22); 
means (30, 32, 38 and 40) associated with said 
first end (41) of said third reamer and said sec- 
ond end (26) of said second reamer to permit 35 
universal movement between said second and 
third reamers; and 

means (21, 23, 30, 32, 38 and 40) for rotating 
said first, second and third reamers. 

40 

3. The apparatus of claim 2, for reaming the lateral 
bore (52) of the canal, wherein the second reamer 
(22) has a generally conically shaped cutting por- 
tion tapering radially inwardly from said second end 
(26) thereof to said first end (28) thereof. 45 

4. The apparatus of claim 1 wherein said flexible shaft 
(12) has a stop element (20) attached between 
head (14) and second reamer (22) to contact and 
locate said first end (28) of said second reamer (22) so 
with respect to the axial length of the shaft (12). 

5. The apparatus of claim 2 wherein said means asso- 
ciated with said first end of said third reamer (34) 
and said second end of said second reamer (22) 55 
causing said reamers to move in unison comprises 
pins (38) and (40) and complementary holes (30) 
and (32) mounted on contacting ends of a respec- 



tive one of said second and third reamers. 

6. The apparatus of claim 2 wherein said third reamer 
(34) has a generally cylindrical cutting shape. 

7. The apparatus (10) of claim 1 wherein said 

third reaming means comprises reaming 
means (44) comprising a concave cutting sur- 
face (46) and a cavity (49), at the first end 
thereof, to receive the proximal end of flexible 
shaft (12) and solid portion (16) thereof, a solid 
shaft (48) attached at its first and to the second 
end of reaming means (44) wherein the second 
end of shaft (48) comprises a connector (48a) 
for engagement with a rotary power transmis- 
sion source. 

8. An assembly comprising an apparatus as defined in 
claim 1; and a template (70), to guide the third 
reaming element (44), in removing bone material 
from the calcar (62) region of a long bone having a 
lateral elongated bore (52) therein, said template 
comprising an elongated member (76), comprising 
a partially circular cavity (77) the rear wall of which 
partially comprises cutting teeth (71), an elliptical 
hollow member (73), spaced from the proximal and 
distal ends, and radiating from the side edges at an 
angle relative to the longitudinal axis, of the elon- 
gated member (76), the rear wall of the hollow 
member (73) comprising a portion (79) of the wall of 
the elongated member (76), two protrusions (78), 
extending distally from said hollow member (73), at 
the rear ends thereof, terminating in knife edges 
(74); impact receiving means (72), extending later- 
ally at the top edge of elongated member (76) and 
normal thereto and anteversion control means (75) 
extending laterally from, and normally to the longi- 
tudinal axis of, the elongated member (76). 
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FIG. 9A 
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